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SPECIFICATIONS 

TITLE OFTHE INVENTION 

Method far processing magnetic resonance imaging image information and magnetic 
resonance imaging system 

5 

CROSS REFERENCE TO RELATED APPLICATIONS: 

This application is based upon, and claims the benefit of priority from the prior Japan 

Patent Application No. P2002-298642, filed October 11, 2002, the entire contents of which 

are incorporated herein by reference. 
10 BACKGROUND OF THE INVENTION AND RELATED ART STATEMENT 

This invention relates to a method for processing magnetic resonance imaging 

image mfbnnanon that is preferably used fix- a nondestn^tive inspection of an internal 

structure of a <hree*diiiiensional object such as a human body and also relates to a magnetic 

resonance imaging system used in the method 
15 Conventionally, X-ray photography has been widely used for inspecting an intenal 

structure of a human body. The X-ray irradiating a human body transmits an image of lie 

human body, however, transmittance becomes low in bones. Then fircone of the bone can 

be diagnosed with an X-ray photograph. 

However; floe is a problem that X-rays cannot irradiate often on a human body 
20 because an enormous quantity of X-rays irradiated on a human body will.damage cellular of 

fte human body. 

In order to solve this problem, an approach has been made that a magnetic field is irradiated 
on a human body so as to inspect an internal structure of the human body with magnetic 
resonance spectral intensity distribution by making use of a magnetic resonance phmomoooa 
25 "Research of Structural Image Process for Optical Brain Function Measurement" yy 
Masahiko Matuo, Huofumi Hamada, Naohiro Fujikawa, Hideaki Ninomiya, Hideo Eda ted 
S atom Miyauchi, p55 of the Proceedings of Japan Soc. ME & BE Conference (May 2002). 
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However; when an ordinary magnetic resonance imaging (MRI) image canno t be 
obtained for some portions of the human body such as a bone st^^ 
needed to inspect such portions by a nondestructive inspect^ 

In <»tkr to solve die above problems the present claimed invention intend; to 
5 provide a new method for a nondestructive inspection on an internal fhree<limensional object 
without liamiful electromagnetic waves such as radioactive rays . 

SUMMARY OF THE INVENTION 

The method for processing magnetic resonance imaging image infixmatioii in 

10 accordance with the present claimed invention is characterized by that a magnetic resonance 
spectral intensity vahie is measured at each of a plurality of measuring points that are arranged 
at predetemrined intervals along a lengthwise direction, a crosswise direction and a beigfr 
direction on an object to be measured while several kinds of magnetic resonance irnafong 
image information are obtained as a set of die magnate resonance spectral intensity values 

15 measured at the plurality of measuring points obtained by a plurality of different spertzal 

tn*Trefty ™**<a tnpftwto (T1 j T?) wirti rrapert tn the nhjert tn he measured. A magnetic 

resonance spectral mtrnsity value at a predetermined position is obtained directly (te by 
measurement) or indirectly (Le. by interpolation) from die measured results of the magnetic 
resonance spectral intensity values using two kinds of spectral intensity measuring methods 
20 respectively with respect to the bone structure to be measured, the spectral intensity measuring 
methods comprising: a magnetic longitudinal relaxation (Tl) measurement and a magnetic 
tmnsven^reJaxatim(I^ 

imaging (MRI) image infomiation obtained by the magnetic longitudinal relaxation (Tl) 
measurement with the mag 
25 magnetic transverse relaxation^ 

spectral intensity values of the magnetic resonance imaging image information for both the 
magnetic longitudinal relaxation (Tl) measurement and the magnetic resonance imaging 
image information by the magnetic transverse relaxation (12) measurement, at the same 
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points as the plurality of measuring points used for said predetermined intervals alon * a 
lengthwise direction, a crosswise direction and a height direction on said bone structure, and 
deriving information showing the bone structure as new image inibrmatioo by performing a 
linear calculation between the set of spectral intensity values obtained by the magnetic 
5 longitudinal relaxation (Tl) measurement and the set of spectral intensity values obtained by 
the magnetic transverse relaxation (T2) measurement at each of the plurality of measuring 
points that are arranged at said predetermined intervals along a lengthwise direction a 
crosswise direction and a height dunec^ncnsaMibcw structure. 

In accofdaoce with the method, if we focus attention on, for example, that a 

10 magnetic longitudinal relaxation velocity of hydrogen nucleus in a water molecule is low and 
a magnetic transverse relaxation velocity thereof is high, it is possible to inspect tte inside of 
an object to be measured in a nondestructive manner without irradiating harmful X-rays such 
as to derive an image of a bone structure by eliminating a spectrum originating from a 
hydrogen nucleus in a water molecule by obtaining a magnetic resonance imaging (MPJ) 

15 image of a magnetic longitudinal relaxation (Tl) measurement and a magnetic resonance 
imaging image of a magnetic transverse relaxation (T2) measurement conducted an a Kvng 

A preferable mode to conduct an inspection by magntfic resonarce imagmg (MP I) 

is to fxm an new MRI image of a bone structure. 
20 AsmexampkoftheinediodtDC^ 

imaging is to obtain a magnetic longitudinal relaxation (Tl) measurement and a magnetic 

transverse relaxation (T2) measurement. 

Furmsi; as another exar is to 

obtain a nuclear density measuiemerji in addition to the Tl andU 
25 When the magnetic resonance imaging image fc obtained, a measuring position is 

often set at different positions according to Then in ofxkr to obtan 

spectral intensity values at an identical predetermined position by several different 

measuranents, it is preferable that with respect to at least one kind of die magnetic resonance 
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imaging image information, the magnetic resonance ^ectral intensity values at the 
predetermined positions are obtained by intapoMon of (he measured results of the magn etic 
resonance spectral intensity values that are inducted in the magnetic resonance imaging image 
infbnnadon. In accordance wifti fee arrangement, for example, measuring points of a lind 
5 of magnetic resonance imaging image infbmation arc set at a plurality of predetemiiaed 
positions and other magnetic resonance imaging ima^ 
resonance spectral intensty 
jaecktemnnedpositi^ 

otber magnetic resonance imagin g image mfbrroation at the same predetennined positions, 

10 vvilich makes it possible to 

In order to obtain die magnetic resonance imaging image with ease, it is ut e fm ble 
that each of the magnetic resonance spectral intensity values is a hydrogen nucleus magnetic 
resonance spectal intensity value. This is because a Jot of hydrogen atoms are included ia a 
living bc<fyaiid sens^ atom jg high compa-ed 

15 with most of other nuclei 

Furnw, in onfcr to obtam a cc^ 
a co^npaiison is further made betwe^i the new MRI image infonnation obtained by a linear 
calculation of the spectral intensity values at each of &e piedeteimined positions and image 
information obtained by a respective X-ray computed tomography. It is also possible to 

20 obtain image data showing a position and/or a conchrion of a bone directly when the X-ray 
computed tomography is used In the present claimed invention % comparison is further 
inate between new image in^ 
values at tepreefctenn^ 

tonography' which is a concept including that the image infonnation is output 
25 sinailtaneoustycsibo^ 
mfomiation visibly 

a qjectral intensity values of the image infonnation at the predetermined position so as jo 
derive further new information. 
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As a magnetic resonance imiujing system that is used in the method far procefsing 
magnetic resonance imaging image information it is preferable that the system fractionally 
oomprises at least an rnftnmation obtaining portion feat obtains magnetic resonance imaging 
image information, a first obtained image infbrmatioE storing portion that stores magnetic 
5 resonance imaging image information obtained by a predetemtined method, a second 
obtained image mformation storing portion that stares magnetic resonance imaging image 
information obtained by a method different fiom the predetemnned method, a linear 
caloilaticii portion that corxhjc^ 

image information stored in the first obtained image information staring portion and the 
10 magnetic resonance imaging image information stored in the second obtained image 

infonnatjon storing portion, a calculated result image information storing portion that stores 

new image inibnnation as a calculated result of the hnear calculation portion and an image 

output portion that outputs an image based cm tte iniage info^ 

result image mfcnnation Storing portion. 
15 to addition tbeMRIsystanpro^^ 

portion that tfiree-drrransfonalry aligns the magnetic resonance imaging image information 

stared in the first obtained image information storing portion with the magnetic resonarce 

imagmg image infoimation sto^ 

and spectral intensity values at the predetermined positions which are set identical to other 
20 measuring points obtained by interpolation of the magnetic resonance imaging image 
infomralkm stared rndfoeron^ 

portions. It is also possible to obtain a spectral irtensity values at the same predetiaminod 
rx^twnsandtomakeanindm^ 

between the magnetic resonance imaging image information stared in foe first obtaining 
25 image information storing portion and the magnetic resonance imaging image infommticn 
stored in foe second obtaining image mfomiation staring jxirtion. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a general view showing an MRI system used in a method for processing 

magnetic issonance imaging image information in accordance with one embodiment o f the 

present claimed invention- 
Fig. 2 is a functional block diagram of (he MRI system in accordance with the 

embodiment 

Fig. 3 is a general view showing a stored state of magnetic resonance imaging 
image mfomiation obtain 

Fig. 4 is a view showing a tendency of signal intaiatyvahiecfc^portkmofihe 
image obtained by me MRI system m accordance wimfleembodta^ 

Fig. 5 is a view snowing an example of the image obtained with a magnetic 
longitudinal ndaoito^ 

Fig. 6 is a view showing an example of the image obtained with a magnetic 
tiaiisvei^idaxationim^^ 

Fi & 7i S afkwch^showingafk W ofa s t^ 
resonance imaging image 

Fig. 8 is ailowchartshowingaflowofastep inthen^ 
resonance imaging image mfonxati^ 



20 



25 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

An embodiment of fte present claimed invention wfll be described m detail wrfa 
reference tn the accompanying drawings. 

A method for processing magnetic resonance imaging image mfonnation in 
accordance with the embodiment uses a magnetic resonance imaging system (hereinafter 
called as MRI system) M shown in % 1. Magrietic resonance raaging image information 
by a magnetic tagittidinal relaxation measuranera (herdnafhr called as T, measuranenr) 
and magnetic resonance imaging image information by a magnetic transverse relaxation 
meaain^tthereiiianwcau^ 
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The MRI system M has the same amngement as that of a universally knowr and 
widely used system for a medical checkup and acts the same 90 as to obtain die magnetic 
resonance imaging image information by the Tj measurement and the magnetic resonance 
imaging image information by the T 2 measurement In this embexfonent an x axis set 
5 along a h nri T on lal direction of a hunro 

a z axis is set alo n g a vertical direction thereof and an x~y plane is a sliced image plane an 
which a matrix is set Measuring points are set at a same pitch along the horizontal direction 
and the cross direction of the body of a subject as an object to be measured, namely, ak>n^ the 
x axis and lhej> axis wiflia same matrix score, 

10 The MRI system N£ whose functional block diagram is shown in Fig*2, Auctions as 

an information obtaining prni kn 1 1 riW obtains ihft magne tic resonance i mag in g tmay 
information, a first obtained image infonnahon storing portion 2 that stores the magnetic 
resonance imaging imaged obtained 
image information storing portion 1 that strung thft magrv-fr' resonance imaging image 

15 information obtained by to 

image. The first obtained nrage infbnnaticm sta 
image information storing portion 

the MRI system A£ The obtained magnetic resonance inoagbg image informant 
shown in Fig. 3 ? stored in the first obtained image information storing portion 2 and the second 
20 obtained image infonrmtion storing p More specifically, a spectral intensity valnr at 

each point is indicated ocate 
of 65535 and a spectral intensity valued 

th slice is stared in the* throw and the >th column on the zthshce. The spectral inteiisity 
vahieofwaterislowbytheT] measuran^arri Hie spectral 

25 intensity value o f a bone is low by both the Ti measurement and the T 2 measurement Th ? 
spectcd inta^hy vahie of abra^ 
measurement, however; the spectral in^ 

measurement The specttaliniHisity value of skin is midway betwem the Timeasuremert 
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and a lngherT 2 measurement Tlieabove-mejaio^teaKki^isshDwinFig. 4. An 
example afthe image obtained by the T] raeasureme^ is shown m Fig. 5 and an example of 
<he image obtained by 4k T 2 measurement is Aownia Fig. 6 respectively. 

m mis embodiment, the spectral intensity value of the magnetic resonance imping 
5 image mfoimanon obtained by the T, measurement and the spectral intensity value of the 
magnetic resonance imaging image infotmatfen obtained by fib^ 
position are IinasK^ 
head portion. 

More specifically, as shown in Fig. 2, the MRI system M further functions as an 
10 intapolatmg processing portion 4, an interpolating proceasing result mfomiation storing 
portion 5, a linear calculating portion 6 and a calculated result image iirfonnatian storing 
portion 7. The interpolating processing result infeamation storing portion 5 and the 
calculated resuhin^ ^ 

mlaixjlating processajg portion 4 
15 image inrbiimtKmobtHined by th^ measurements) and the magnetic resonance imping 
image tofotmation obtained by the T 2 measurements) and aligns a ^ectral intensity valu ; at 
the same corresponding points as the measured points used for the T, measurement® by 
interpolation of the magnetic resonance imaging image information obtained by the respective 
T 2 measurements). Theiiteipolatingproc 
20 calculated result by the intopolating processing portion 4 The linear calculating portion 6 
mverts each bit of the spectral intensity value stored in the first obtained image infofmaton 
storing portion 2 and also calculates difference between the inverted result and the spectral 
intensity value stored in the intercalating processing result Mamation staring pornon 5 
multn^byaconstantnimibera. The constammimber a is so set that a calculated 
25 a special mteosity value of vvater is zero. The calculated result image information storing 
portiom 7 stoira calculated resu^ 

A flow of concrete steps is shown below with referaxse to Fig. 7 and Fig. 8. Frottbe 
information obtaining portion 1 conducts the Ti measurement and a result of theTi 
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measu^ertisstondinihe^ Next, 
tbeinftiniatiouobteiningpoitiQii 1 (xa^^messa^^^ij^otibsTi 

i niagnedcresonaiK^ imaging image infoma^ 
dimeasionallyaligti^aspectalir^^ 

fr'^measuiein^isrtrta^ 

infoimatkm obtained by the T 2mfta91 ^^ s 
stonxiintbBinteipoMi^pn^^ ^ 
oont^, as mentkaed above, anoeasto 

a^a^sbcedimagei^isn^bnwi, aspectralitfensityvaluemam 
Plained isobrtained by 

raabaastoof^measuringpoimonltet^ 

point TbeflowsoferissboNvnmFig.7. AsshownmRg. g.anxdirotionoftbeinatrix. 
nan^ a variables showing a row in Fig 3, ay di^^ 
^<>^ga<*^inFig.3andavan^^ 

reSettol(S4) Whi respect to asignalmtemity of ^ 

slice, a value that is aspect intensity ^aT^xlhnw^yihwbmamibezlhs^ 
stoitdmthemteipoMngproce^res^ 
subtn^fromavniietbat has each b* 
thereto on fl*ztfa slices^ 

Z(S5, a linear calculation step) More ^ecifi^y a linear cafculatioi, is 

K655354,>^wheremaspect^int^v^to 

obtained by iheT, ineasurementisti, and a spectral intensity value 

mfiasurmcot isfe aiidacafculate^ 

^fthecaJculatedie^i^ Jti sdm ^ y/t)e(ber 
the stored* coincides with a number of a grid of the matrix. (So) If Ae^d^mt coincide 
with tte nun^of the gridoftenmix, 1 is added to ^(S7)aaln^ to tte linear 
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calculation step, Iffoxcoini^ wimtenumb^ 

storedy«>mcides\vift^ Ifthej; does not comcid i 

wim the number of the grid of the matrix, 1 is added to theyairitbe;cisresetto 1 (S9)and 
return to the linear calculatiDnstqx If they coincides with the number of the grid, it is 
5 detennmedwhefarthezcou^^ j.-^ 
2 doesnotcoiiidde wim^numberrf 

tol(Sll)andienimtou*linearc^^ Ifthe^coirK^withamimberofthf 
sliced image planes, an image is output based on tiie image infonnahon stored in flje 
cakuboon result image ia6mi^eosta^paika7}^txaKf^^^ (S12) 

10 In accordance with the above steps of obtaining image information, it is possible to 

obtain a data of a bone structure shape that cannot be obtained by an onSnary MRI 
measurement inspection without using radiation rays mat is harmful to a human body. 
E^ecMy, if the method for processing magnetic resonance imaging image information 
method is used for a head portion of a human, it isaJsopossibletoobtamashapeofaskuil, 

15 whk;h enables to determine a pos^ 

Tbe present claimed invention^ 

FOTexan^le, magnetic resonance 

hydrogen density measurement may be u^ Furth^ ^xcti^ intensity vahjes of 
three kmds erf mia^irnttmian^ 

20 me hydrogen nucleus density measunanent magnetic resonance tmagii^ h™,** mfhrmtfkrx 
by the magnetic kmgftidinalrelaxannn^ imaging 
image Moimation by me magnetic transve^ 

posutonsnmybehhearrycafculaledsoasto ^ 
spectral intensity values at each position by the hydrogen nucleus density measurement sho\ v 
!5 a tendency tfnsrertfi^tespectid 

longrtudmal relaxation measurement and by the magnetic transverse relaxation measurement, 
as shown in Fig, 4. When the spectral intensity value at each of the preaeteimined positions 
by the hydrogen nucleus OCTsity measuranent is used as a variable of the lin<^ calculation, 
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further new infomianoa can be obtained 

Hie above^nentioned method for processing magnetic resonance imaging ijnage 
Motroation may be used Id obtain information on a portion otiier than a bone structure of 
human. In tins case, an algorithm of die linear calci nation may be set aibitrarily taflora 1 to a 
5 kind of information to be obtained 

Further, the predelenmned position is not detmruned based on a meaauring potnt of 
one kind of magnetic: resonance imaging image infonnatioii but may be detenrined 
indq>eiidentiy fiom the measuring point of die magnetic resonance imaging image 
mformatkm obtained by the MRI system and the spectral intensity value at the predetenx ined 
10 position of all of the plun^ 

image infomjation may be obtained by interpolation. In addition, an algorithm of 
interpolation which is dflfeeat from the linear interpolation used in the aboveJescribed 
embodiment may be applied 

The magnetic resonance spectral nucleus may be another atomic nucleus such as a 
15 caibonnuclais or a nitrogen nucleus in addition to a hydrogen nucleus. 

In addition, comparison may be made between t m age mf att^'op obtained by the 
magnetic n^oiiance imaging im^ 

req»c*iveX^y computed ta^^ Mare amoEtely, the image mfijnnation 

obtained by (be magnetic resonance imaging image infonnation and the image mfijmiatior 
20 obtained by feX^ computed 

and output to a printing mefo OT 

a lmear calculation is made between a spectral intensity value 

obtained by the magndic resonance 

andaspectial intensity vau^ 
25 fcmogn^hyatuiesainep^ 

haccondancewimtheaiiangen^ 

comparing new MRI image infcmiaik»i to mfhrn^rinn fl^yrty <ft"wmg a position of the 
bone by the re^ective X-ray computed tomogiaphy. 
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Other arrangements may be variously modified without departing from the spirit of 
the invention. 

As mentioned above, ^ the pn^ 
inWtion showing aaint^ 
5 showing a bone stnx^ bylines 

imge iofomi^ to is ,» need of i» 
human body in aider to conduct a !ionKfc^^ 
measured, thereby improving sa^fo a noiwfe^^ 
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Semi So <i* 4!Vi| 
Docker No WWfi 

in creation and transmission or combined medium programming ("of the same sort as 
•Wall Street Week™ * page 355 lines 1-2). At pages 469-5 16, Applicants teach the 
corresponding operations of a plurality of end user stations to which the intermediate 
station transmits the programming so created. Both examples focus on Program uit Q 

Spec, at 354 1. 35 through p. 355 1 14. p. 374 1. 29 through p. 375 1 12, p. 469 IL 1-2. 
and p. 478 II. 23-26). In each example. Applicants teach a sequence of messages and 
carefully nana each message la Che fttqirace wit* a same that tin tocttfcer the 
transmitter fraction «T pages 354-3*0 aid the corresposMlng caul soar static* 
fnoetJous of pages 46*41* aoaaibfpioairy. (Appendix D. a Glossary of Defined 
Terms, is included herewith identifying certain tenna and defined by their use in the 
instant specification.) For example, the •^rograjnHnsiniaion-set message (09)" is defined 
at page 371 fines 17-19 and transmitted at page 372 lines 4-6; the >oajam-mstnirtion- 
set message WO)" is defined at page 385 lines 14-1 6 and transmitted at page 386 lines 
12-14: the ^arm-mstnusrion-set message (MOT is received at die end user station^) 
at page 484 lines 5-14; and at page 5 14 lines 8-13, 17 and 23*24 Applicants teach that the 
k VrDgrm^-instniction*set message (#9)" Realises] the same ninctioning N at the end user 
*twion(*)aBt!«>og^ Some of the other messages in 

the sequence an named at pagei 372 lines 20-35, page 387 lines 19-31, page 490 lines 24- 
34. page 492 lines 1-1 U page 495 lines MO, etc^andpag)e5l4 lines 8-31. 

At page* 354-374 in example U9 r Applicants teach local origination, (Spec, ai 
374 1. 6 and p. 368 IK 3-4), of combined medium programming at an automated 
transmitter station {which is also an intermediate uansmission station). Program unit Q, 
which is delivered to and handled at the intermediate station according to the teachings of 
pages 324-354, (Spec, at 3S5 ll. 15-1 7). is disclosed as tdevision^ased combined 
medium programming, (Spec, at 354 1. 35 through p. 355 1. 14). that contains embedded 
signals, (** M Spec, at 356 1. 9 through p. 358 1. 21, p. 367 11. 30-33, p. 369 11. 4^, and p. 
372 IL 22-35). As one example of the creation of programming at pages 359 line 1 4 

85 
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SPECIFICATIONS 

TITLE OFTBDE INVENTION 

Method for processing magnetic resonance imaging image mftnnation and magnetic 
resonance imaging system 

5 

CROSS REFERENCE TO RELATED APFUCAHONS: 

Tins appttcatian is based upon and clamis the benefit of pri^ 
Patent Application No. P200M98642, filed October 11, 2002, the entire contents ofwfeh 
aire incorporated herein by reference. 
10 BACKGROUND OF THE INVENTION AND RELATED ART STATEMENT 

This invention relates to a method for processing magnetic resonance imagMg 
image information mat is preferably used for a nondestructive inspection of an intenal 
sfojeto^of a foreedimensfoiial object such as a human body and also relates to a magnetic 
resonance imaging system used in the method 
IS Conventionally, X-ray photography has been widely used for inspecting an internal 

sttucta^of a human body. The X-ray irradiating a human body transmits an raiaee of the 
h»n^ body, however, iraism^ Then fiacture of me bone can 

be diagnosed with an X-ray photograph. 

However there is a problem mat X-rays cannot irradiate often on a human body 
because an.enorrnous quantity of X-rays irradiated on a human body will damage cellular of 
the human body 

hi onier to solve this problem, an approach has been made that a magnetic field «s 
irradiated on a human body so as to inspect an internal sfiyemn^of the human body wiTb 
magnetic resonance spectral intensity distinction by making use of a magnetic resonance 
25 phenomenon, (Refer to, fore 

"Research of Structural Image Process for Optical Brain Function Measurement'' by 
Masahiko Matuo, Hirofurm Harnada, Naohrro Fujikawa, Hideaki Nmormya, Hideo Eda and 
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Satan Myauchi, p55 of the Proceedings of Japan Soc.ME& BE (Terence (May 200:4 

genet bo obtained at soma portiona auoh us a bono atruofeire-by 
-Then a now i 




h addition to the nhn™ mm fr™ fa n nnn , ^ wWph n n rnnnn f ^ n b t m ilod 

by on ordinal mogoofao rcg o nnnoo imaging imago in oonductitie q nondo s tniotivo myeetien 
on an mtonnl of nfliioo di ii Mm ni onal object. I n order m dull with these oaoos 0 now me t hod 



Howevet when an primary nmp nmin ^ pin p f^ ro fl jmaoe ^ ^ 

10 Qhtnimyl ™ nations of the hitman bnrtv ari, - a l^ g sttncture. ihcn * new jg 
needed to inspect such rwtfr™ Ky a ~ «dKtnic^ fr fin^™ 

In order to solve the above problang flie present chimed invention intends to 
provide a new method for a nondestnKtive iapection on an internal e^hree^mensiofjal 
object wiflK>uthatmn^electioma«nen^ 



15 



20 
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SUMMARY OF THE INVENTION 

The method for proeessfag magnetic resonance imaging image information in 
acxoirJan^wimttepresem 
STjectralmteDsityvate^ 

at predclemiined intervals along a lengthwise direction, a crosswise direction and a height 



direction on an 



resonance imaging 



image in&nrrahonare^ 

measured at the plisatity^measuring pewt^gjn^a^btaiDed by a plurality of different 
spvtod intensity measuring methods fjlj^ 

aA magnetic resonance spectral intensity value at the-ajjredetairrfned position is obtained 
dnectiy &e- by measurement) or indirectly (Le. by inlen xfabon) finm ft-the.measured results 
of the magnetic resonance spectral intensity ™hi™ feat a. mended a thn mnjirtin meamn 
im a ging imago ui fo m rn r ion nn d h e p ii d u lo iiiiii i u dp o.n iri n n io dU p b u identical for all of flu 
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3 




mag e infoi 




mognado reoononoo ranging imag e information, cad n e w imago information at fee 




using two lands of spectral mtensitv measuring methods respectively with respect tp the hone 
5 structure to be measured the spectral intensity measuring methods comprising: a magnetic 
lonpludinal relaxation (TO measurement and a magnetic transverse relaxation TZ> 
measurement ttaee^liriieDsioiiallv ab'gning the magnetic resonance irn apynfl (MRf) Trnflpp 
information obte mftrf hy th e magnetic tonxzitudinal relaxation CTl) measurement with the 
magnetic resonance imaging (MM) image mfo nretfim obtained bv the magnetic transvra e 

10 relaxation (T2) roeasiirement and obtaining by mtemoktion another set of spectral intensity 
values of the magnetic resonance imaging image nrfognation far both the magnetic 
lonFfaytinal relaxation (TP measurement and the magnetic resonance imaging im age 
rnformation bv ^nflp^ tic transverse relaxation CT2) measurement at the same pomts as the 
prnmlitv of measuring pomts used for said preo^terniined intervals along a lengthwise 

15 direction, a crosswise direction and a height direction on said bone structure, and derrw 
information showing the bone structure a? new im age infonnation bv performing a linear 
(^lcdanbn between the set of spectral intensity values obtained bv the magnetic lofurituonal 
relaxation CT 1 ) measurement and the set of soectral intensity values obtained by the maprenc 
transverse relaxation CTZ) measurement at each of the plurality of measuring points that are 

20 arranged at said nredetp n™™^ jnfr grvals along a lengthwise direction, a crosswise direction 
and a hri^ directs cm said 

m accordance with the method, if we locus attention on, far example, that a 
magnetic l on g i ti idinal relaxation velocity of hydrogen nucleus in a water molecule is low and 
a magnetic transverse relaxation velocity thereof is hirii it is possible to inspect the insicfc of 

25 an object to be measured in a nondestructive manner without irradiating harmful X-rays such 
as to derive an image of a bone structure by dominating a spectrum originating from a 
hydrogen nucleus in a water molecule by obtaining a magnetic resonance imaging (MRP 
image of a magnetic longitudinal relaxation CTl) measurement and a magnetic resonance 
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H^ginginrngeofaniagnet^tansveiserelflx^ 



As^Ajaeferabk mode to conduct an inspection by the uoo of tfao-magnetic 
«magmg{MRilmagB-is to foim an n ew MRJ imay enf TrpnriPntod fatlutdiuuw 

As an example of me memod to conduct the MRJ inspection by thoucc oltho 
magnetic resonance imaging image roproponted is met magnetic reoooanoo imaging imago 
is to obtain a magnetic longitudinal relaxation (Tl) measurement and 
reoonflnoe- 



10 



inn nftbo i 



15 



magnetic transverse relaxation ( T2) 
measurement ore obtain ed. 

Further as aratherexainpfe of tte 

ri TiT Op n T T fii r ri f ii ili'iil ij ( I ml m ajTHt ir rrnnnfinrn rniTripfl 
_b_to obtam a nuclear density measurement fa further obtoiuud in 
addttioatoni eTl andT2 ^fipii»^n^^ mntTn i mnj:i - TlcmYli:r wfemafa^by# »fBagae Be- 

Hgtagiog image infbimaoeft- 




20 



25 



fe-eaae -Wben the magnetic resonance imaging image is obtained, a measuring 
rxmcmisoflen S etatdif&^ Tbminonter 
to obiamspcctod intensity va^ 

measunanents, it is preferable that respect to at kast (me kind the i 

imaging image information, &^e_magnctic resonance spectral intensity *«fae - values at t« 

ppedetqniincdpeaitiea^p^ 

magnetic resonance spectral intensity value -values mat »-are_included in the magnetic 
reSM ^^^^ iafom ^ haocortlancewitomeamng™ 
measuring peisfpointeof a kind of magnetic resonance imaging image inronnation»ae &st 
as-ata plurality of p redetenmned pastaflH-positions.and other magnetic resonance imaging 
image inibirnauon is obtained from magnetic resonance ^ecmu intensity of the magneto 
resonance imaging image imormation at the same predVSermined peatiea -posnioM h v 
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interpolation of magnetic resonance spectral intensity values of the other magnetic resonarce 
imaging image mforination at the MBejxedetieimine d poaiti e a positions, which makes it 
possible to obtain pe w MM image information with ease. 

In order to obtain the magnetic resonance imaging image with ease, it is preferable 
5 mat each of the magnetic resonance spectral intensity vatee-vajuesjs a hydrogen nucleus 
niagnetic resonance spa Tms is because &a*a lot of hydrogen atoms are 

included in a living body and sensitivity of nucleus magnetic resonance of hydrogen aton i is 
higfi compared with most of other nuclei 

Fiffther, in order to obtain a oondMcm of a bone more accurately, it is preferable mat 
10 a comparison is ftrrmer made between the new MRLimage mfonnation obtained by a linear 
retaliati o n of the spectral intensity values at eachofthe predetermined podtion p ositions and 
image mfcimatiao obtained by an-a lefipective X-my computed taraognmhy. It is ago 
possible to obtain ae-image data showing a position and/or a condition of a bone directly if 
whenjhe X-ray computed tomography is reesused In the present claimed invention 'a 
15 comparison is fittmer made between new image information obtained by a Imear cakufation 
of the spectral intensity values at the predetermined potation positions and image 

informatio n 

obtained by an X-ray computed tomography" which is a concept including that the image 
information is output simultaneously on both a same-display and the rmogo infonnotjon-is 
o ut put to a printing media such as a paper so as to make the image infonnation visfele, bas*ri 
20 on the image infonnation and a linear calculation is made between a spectxal intensity values 
of the iinage information a as to derive further new information. 

As a magnetic resonance imaging system mat is used in the method for processing 
magnetic resonance imaging image infonnation it is preferable that the system fhrtjy* 
junctions functionally comprises at least as-an information obtaining portion that obtains 
25 magnetic resonance imaging image mformarion, a first obtained image information storing 
portion mat stores magnetic resonance imaging image information obtained by a 
predetermined method, a second obtained image infomiatian storing portion that stores 
magnetic resonance imaging image information obtained by a method different from the 
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pisiWd me&od, a linear calculaiimpoitioii mat conducts a Jinmr calculation based on 
foe magnetic resonance imaging image mfonnatkm stored in the first obtained image 
infcnnatiOT storing portion 
^ second obtained image inform 
s storing portion mat stores new image information as a calculated result of me linear 
calculation portion and an image output portion that outputs an image based on the image 
^formation stored in me calculated n^imagemformauMStoringrxjit^ 

In addition if too system the MRt system pmcgsinp also functions as an 
intapolatmg calculation portion that anee-dnrM&sknalh/ aligns the magnetic resonance 
10 imag ing ir n s g emforrriati^ 

foe magnetic resonance imagmg image infimiiation stored in the second obtained image 
infonmtion storing portion and ^spectral intmsrty ^fee - values at the piedeteimmed position 
Epsitipnsjsatt^e set identical to other measuring peifiNs^ojnto obtained by rnterpobtior. of 
the magnetic resonance imaging nnage mfornoatim 
15 second obtained information storing^ 

obtain a spectra] intensity vek^ya^at same redetermined pos tpositions and to 
make individual linear calculation even though a measuring point vanes between the 
magnetic resonance imaging image inforrnation stored in me first obtaining image 
mfonnation storing portion and foaHj^rnametic resonance tufting image information 
20 stored in the second obtaining iniagetofoiinationsto 



BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a gonial view showing an MRI system used in a method for processing 
rnagnetic resonance irnagrng image inforrnation in accordance with one embodiment of the 
25 present claimed invention. 

Fig, 2 is a functional block diagram of foe MRI system in accordance with foe 
embodiment 

Kg. 3 is a general view showing a stored slate of magnetic resonance imagbj* 
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ima^iirfQiiiiaiiQQ obtained by tbe^ 

Fig. 4 is a view showing a taidei^ 
"tt^obtamedbytheMWsy^in 

Fig. 5 is a view showing an example of (he image obtained with a magnetic 
5 tongittidinalidaxan^ 

Fig. 6 is a view showing an example of the image obtained with a magnetic 

Fi& 7isafi^ chart showiagaflowofast^ 
^■"W* imaging mwgem^^ 

0 F « 8 * a ^^stowmgaflwctfasl^mfeen^ 
resonance imaging image infbnmtm 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

An embodiment of the present claimed invention will be described in detail wife 
15 reference to the accompanying drawings. 

A method for processing magnetic resonance imaging image information in 
accordance with fee embodiment uses a magnetic resonance imaging system, (heremafer 
called as MRIsv«teri)Mshawn in Fig. 1. Magnetic resonance imaging image infbimatiin 
by a magnetic longitudinal idaxation ineasuime^ 
20 and magnetic resonance imagkig image mfonnation by a magnetic tmnsvme relaxation 
nieasuimentCheremaflercalledffi 

The MRI system M has fee same arrangement as mat of a universally known ard 
widely used system for a medical checkup and acts fee same so as to cbtam fee njagnenc 
resonance imaging image mfonnatfon by foe T, measures 

imaging image inforrnatkm by the T 2 measurement In this embodiment, an x axis is set 
alcngahorizonlaldnBc^ 

a z axis is set along a vertical direction thereof and an x-y plane is a shced image plane oi i 
which a matrix is set Measirring points are set at a same ptah along the horizontal director l 



25 
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10 



20 



^teaoss direction of trie body ofa 
a; axis and tbej axis wife a same matrix score. 

The MRI system whose fiinclior^ block diagram is sto 
aomfoiiiiadon obtaining portion lto 

infoimation, a n^obtainedima^infonn^ 

resonance imaging tfmge information obtained by the T] measurement, a second obtained 
image inform^ storing portion 3 that stores the magnetic resonant imagfng m,^ 
i" 6 *™^ obtained by^ 
image. ^ fin* obtained image iroWitim 
image infianmon storing 
the MRI system Nl Tte obtained niagneticn^nanceiii^ 
sbownmFig 3, stoi^mtbe first oblained mage 

obtained rmage infoimation stoimg portion 3. More<pecifica% afpecn^in^^ 
eachpointis indicated on a basis of 16ttt (65536) with the minimum of 0 and the maximum 
15 of65535ai 1 d a ^cctralii 1 tensiiyval^ 

*P^ll!rcisstoredmthexmw Thespeceal 
int^ityvHlueofwaterBkwbytte^^ T< 

spectral inteosi^vaaie of a booe is Wbyb(^ 

Hie spectral intensity value of abcrin ismddle ^nidwavtetwgen hnth ^t, ^^^^ 
and fee T 2 measurement, however, KdMMythe spectral infensrtv ™h ,™f a bain k hi»W 
thigLtheT, measurement Ttespecn^rrrfensity 

tbe^ineasuiemeatari^^ The abovennertioned 

teaocncyissnowninFig.4. An example ofthe image obtain 
shownmFigSaolmexar^leofthein^ge^ 
25 6 respectively. 

rnthiscmbodiiiient,triespe^ 
image infonnauon obtained by the T, measurement and (he spectral intensity value of the 
magnetic resonance imaging mage mfonnation obtained by 
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poatkm are Knear^afculatel » 
head portion. 

More specifically, as shown in Fig. 2, the MRI system. M finmer functions ns an 
intepolatiiig processing potion 4, an interpolating processing result infomiation storing 
s portion 5, a linear calculating portion 6 and a calculated result image inibnnation storing 
portion 7. The interpolating processing result in&nnation storing portion 5 and the 
ovulated result image Mmnationston^ portion 7 are 
iiiiBnxjlatipgpaw^portto 

image information obtained by the T, meoaunrocui m easurement) and the magnetic 
10 resonance imaging image infonnation obtained by fine T 2 metHaHffHg^measurenrentfsi and 
digns.a specind mteisily value at 

poittj5_used for me T, mrnvmrnt measurement) w-^htmn^ h y intopoMon of the 
magnetic resonance tmagmg image hifoimation obtained by the respec^TrffleasttjepeiR 
measmiE ^ ft ^- The inten»fetmgpnxessing resuh information storing portion 5 stores a 
15 calculated resuh by the iiBcnpol^ The linear calculating portion 6 

mverts each to of the spectral 
storing portion 2 art also cakato a 

intensity value stored in the interpolating processing result information storing portior 5 
mint^byaooiistantimmbffa. The constant mimbera is ao set mat a calculated resubof 
20 a spectral intensity value of water is zoo. The calculated result image infonnation storing 
portion 7 stores calculated result image infimnahon as a set of n^ calculated resute. 
A flow of concrete aeps is shown below with reference to Fig 7 and Fig. 8 . Fist, Ac 

infonnatkmobtainmgponion 1 conductetheT,meas««emmandai^ofnieT, 
measurement is stra^m NeJj ^ 
25 lheinfi>nnationobtammgport^ 

ineasurenienttestoirfmme first yj^ 
magnetic resoiiai^imagmgin^ 

magnetic resonance imaging image information obtained by the T 2 measurement are thice- 
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10 



dimensioDally aligned 

far the Ti measurement is obtained by interpolation of the magnetic resonance imaging image 
information obtained by the T 2 measurement and then the obtained spectral intensity value is 
stored in the interpolating processing iesufcmfci^ More 
5 concretely, as mentioned above, since a size of each matrix is the same and a width between 
adjacent sliced image planes is made bioad, a spectral intensity value at a measuring point 10 
be obtained is obtained by linear in^^ 
matrix as thai of the measuring poirt 

point The flow so far is stown in Fig. 7. As shown in Fig. 8, an x direction of the matnx, 
1 o namely a variable x showing a low inFig.3, zy direction of the matrix, namely a variable ; > 

showing a column in Fig. 3 and a variable z showing a mmber of a sliced image pjane are 

reset to L(S4) With respect to a signal intensity of 1hejcthiow,theythcolumnonftte^ti 

gkaeeslfcei a value that is aspect^ 

pieeesUce stored in the inteipok^ 
15 bvaissubtT^tgd&Dmavahjefcati^haseachbit ofa spectral mtensity value ^inverted ol the 

x 1h row, 1h&y th column on the z th pieeesMce stored in Ihe fii^ obtaining image infismatice 

storing portion Z (55, a linear retaliation step) More specifically, a linear calculation is 

conducted based on ^65535-^)^ wherein a spectral intena 

spec4ral intensity value 
20 obtained by the T 2 measuimifi^ 



column on the z th p^eeshce of fee calculated result image infoimalion storing portion 7. It 



grid of the matrix. (S6) Ifthex does not coincide with ftenumbff of Ae grid of the matrix, 1 
is added to tbe*(S7) and return to the linear calculation step. If the* coincides with the 



25 number of the grid it is detennirari whpfligr rtift stored y ifr^totmirtfd wto*haf4»»crrtncirie< 

with a number of the grid of the matrix. (S8) Ifrhe^ docs not coincide with the number cf 
the grid of the matrix, 1 is added to they and the jc is reset to 1 (S9) and reton to ^linear 
calculation step. If the>- coincides wifli the number of 4« 



is detemmvedwh 




with a number of a 
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v^thaniimbcrofapieee^ of the sliced image. (S10) If 
mezdoes not coincide wtibte number of ftiepiee^ies, lis added to thez and ihex and Ae^ 
aiei^toUSll)anditototbelmcarcakadatk»^ If ifaez coincides with a numoer 
offlKdic^inujge planes, an image is ou^t based on the 
5 calculatim result image infinn^ 

In accordance with the above steps of obtaining nnagemffannatk^itispossfoeto 
obtein a data of a bone structure shape that cannot be obtained by an onhnaiy MW 
measurement inspection without using radiation rays that is harmful to a human body. 
E^iecially, if die memod for processing magnetic resonance imaging image mmnaadap 
10 method is used for a head pc^rtK*^ 
which fflables to deteanineaiXKiticn 

The present claimed mvention is not 

Forestample, magnetic resonance imaging sjjechaljntatt^miage lirfannahon by a 
hydrogen nucleus density mtasuremoit may be used Further, spatial intensiiy values of 
15 three kinds of image information, namely magnetic resonance imaging ^r^^ ^, 
me hydrogen nucleus density measurement magnetic resonance imaging ™ fl£f nTfrnmtioii 
byte magnetic loiigitudinal^ 
image mfbnmtion by nw lnagni^ t^^ 
peaaea-fiS^tiQmmaybelineaifr 
20 Tnespectialmtensnyvahiesateadipo 
sbnwatendencydificretilfh^tiB 
kagtodinalrelaxanm measure 
as shown in Fig. 4. 3he&4f\A^&e spectral mto^ 
pes^BoMombyiiiehydn^ 
25 theHnearcalculanan.&nhw 

The above-mentioned method for processing magnetic resonance imaging image 
infomjatxmniaybeuswito 

huma n, fi i rt h nr mfe ui w l i u u u u otfaOF than Immnu . m tins case, an algorithm of the linear 
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10 



calculation imy be aetartal^^ 

one kind of magnetic resonance imaging image information but may be detenrined 
independamy fiom the measuring point of the magnetic resonance imaging image 
mforaatkm obtained by the MRIsys^ 

position of all of the pfatatitv of measuring poinft obtained fam magnetic resonance imaging 
image information may be obtained by interpolation. In addition, an algorimrr of 
interpolation which is different finm jfrneMhe im~r i^^u^ nm \ m fep flb0TD a~ crf]a j 
e mlwdim a tniavbeannlifld . nnrfinnyht! nriiirnijtnmrt.^ 

lbs fiudeus-magnenc resonance spectral Qrclgusmay asturtto be anotha- atomic 
nucleus such as acarbonnuck^ oran^ 

In addition, comparison may be made between image infoimatim 
magnetic resonance imaging image infbnnetnnanl image infoimatkm 
re^ective a»X-ray computed tomograph y image . More CGncretely.flie image mfonnation 
15 obtained by tlKinagD^cresoTWTYym^ 
obtained by the X-ray compute! 
display and bofo of thoimogo info jrmo^ 
to make the image nrfonnation visible, oi^ 

intensity value of ore ima^e; mfhrmmion obtained bv the mflprerir. f**-™^ ^^^^ 
20 infonnationatfee^jredeten^ 

infomiaikm obtained by the X^coi^ 

so as to derive farther new jimgemfomiatioa fo acccsdaix^wim trie anangement a state 
of a bone can be obtained more accurately by eemppiT9othafa)mparing new MRT fm*p « 
niformarion to the information directly shewing a position of the booe by the resp<gtive X-ray 



25 



Otr^anro^CTrt-anmigemer^ 
the spirit of the invention. 

As mentioned above, ance the present claimed invention derives rew MRI imape 
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infonnaiion showing an internal state of an object id be measured such as image information 
showing a bone structure by linear calculation of a plurality of magnetic resonance imaging 
image information, there is no need of nuclear iariifltim such as an X-iay that is harmful to a 
human body wheft-jn oider to conduct a nonKlesfructive inspection ifi oonduo teekm an inside 
5 of die object to be measured, thereby to mipiuwiinpfoving safety for a non-destructive 
insperion4ik04hft 
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